A new cycloartane triterpenoid named conocarpol (1) was isolated from the stem bark of Diospyros conocarpa, together with the known compounds aridanin (2), lupeol (3), betulin (4), betulinic acid (5), stigmasterol (6), and stigmasterol 3-O-β-d-glucopyranoside (7). Their structures were established on the basis of 1D and 2D NMR spectroscopy as well as mass spectrometry. Aridanin (2) is reported for the first time in the family Ebenaceae, and conocarpol (1) represents the first cycloartane triterpene within this family.
Introduction
The genus Diospyros belongs to the family Ebenaceae and consists of approximately 350 species of trees and shrubs distributed in tropical and subtropical regions of the world [1] . Several Diospyros plants are used in traditional medicine for the treatment of ailments such as cough, fever, diarrhea, dysentery, malaria, and skin diseases [2, 3] . Previous phytochemical studies on the genus Diospyros resulted in the isolation of various classes of secondary metabolites including triterpenes, naphthoquinones, coumarins, and phenolic glycosides [1] [2] [3] [4] [5] [6] [7] . In spite of the large number of papers published (approx. 150) alone on the genus Diospyros, nothing is known about the chemical constituents of Diospyros conocarpa. In continuation of our systematical search for chemical constituents from Cameroonian medicinal plants, we describe herein the isolation and characterization of a new cycloartane triterpenoid 1, together with six known compounds 2-7 from the stem bark of D. conocarpa. Their chemotaxonomic value is also discussed.
Results and discussion
The methanol extract of the stem bark of D. conocarpa was separated using column chromatography (CC) over silica gel to yield the new cycloartane triterpenoid conocarpol (1) , along with the known aridanin (2) [8] , lupeol (3) [9] , betulin (4) [9, 10] , betulinic acid (5) [9] , stigmasterol (6) [11] , and stigmasterol 3-O-β-d-glucopyranoside (7) . The structures of these compounds ( Fig. 1) were elucidated by extensive 1D and 2D NMR spectroscopy, electrospray ionization (ESI) high-resolution mass spectra (HRMS), and by comparison of the experimental data with those published in the literature.
Conocarpol (1) was obtained as a white and optically active solid. ESI HRMS displayed pseudo-molecular ion peaks consistent with the molecular formula of C 30 H 50 O 4 . The IR spectrum showed absorptions of hydroxyl and olefinic functionalities at 3322 and 1670 cm −1 , respectively. The 1 H NMR spectrum obtained for 1 (Table 1) exhibited characteristic signals of a cyclopropane methylene at δ H = 1.58 (m, 1H) and 0.59 ppm (d, J = 3.9 Hz, 1H), five tertiary methyls, and one secondary methyl. Besides, the 1 H NMR spectrum also revealed the presence of one olefinic proton at δ H = 5.79 ppm (t, J = 7.6 Hz) and five protons attached to oxygen-bearing carbon atoms between δ H = 4.6 and 3.7 ppm. These data are corroborated by those of the 13 C NMR spectrum, which showed a total of 30 carbon signals. They were sorted by the heteronuclear single-quantum coherence experiment into six methyls, ten methylenes, including a hydroxy-bearing one at δ C = 61.6 ppm, eight methines, and six quaternary carbons. Based on the above evidence, 1 was considered to be a cycloartane-type triterpenoid bearing a double bond and four hydroxy groups [12] . Furthermore, all these data, coupled with literature surveys, indicated that 1 was structurally close to cycloart-24-ene-1α,3β-diol [13] and thalictogenin (cycloart-24-ene-3β,22β,26-triol) [12] . However, (Fig. 3) , justified the positions of the hydroxyl groups at C-22 and C-26, and an olefinic bond at C-24. The difficult shift assignment for C/H-7-14 was solved by a combination of 2D NMR measurements. The methylene proton H β -19 gave an HMBC signal with C-8, which must be therefore in β-position as well; respectively, there was an H, H W coupling between each other. H-8 coupled both with C-9 and C-10; as H β -2 should couple with C-10, but not with C-9, their shifts could be assigned correctly. The protons H-5 and H-8 coupled with a methylene carbon at δ = 27.0 ppm; the attached protons of the latter (δ = 1.41 ppm as for H-5) gave HMBC signals to C-5,6,8 identifying the carbon as C-7. H α -19 (δ = 1.58 ppm) showed nuclear Overhauser effect (NOE) and HMBC contacts to a methylene group (δ H = 2.72, 2.28 ppm, δ C = 24.8 ppm), which can be assigned as CH 2 -11. The latter showed COSY correlations to CH 2 -12, and distinguished C-13/14 by HMBC signals to C-13. Further results of a detailed analysis of The relative configuration of 1 was assigned through interpretations of the nuclear Overhauser effect spectroscopy (NOESY) correlations as well as coupling constant values. In fact, the coupling pattern for the H-1 proton changed from broad triplet (J = 3.0 Hz) in cycloartan-24-ene-1α,3β-diol to a double doublet (J = 10.9, 4.6 Hz) in 1, suggesting that the latter may be a C-1 epimer of cycloart-24-ene-1α,3β-diol [13] . This assumption was further supported by the NOSEY spectra, which showed correlations of H-3 to H-1, H-5, and H 3 -29, indicating the β-orientation of the hydroxy groups at C-1 and C-3. In parentheses = weak correlation. The further configuration of the ring system was determined by a complete sequence of NOE correlations: On the upper side, H β -19 (δ = 0.59 ppm) coupled with H 3 -30, H β -6 (δ = 0.99 ppm), H-8, and the latter one coupled with H 3 -18, which itself gave a cross signal to H-20. On the bottom side, the α-orientation of H-17 was indicated by its cross signals to H 3 -28 (but not to H 3 -18), which coupled additionally with H α -7 (δ = 1.41 ppm); H α -6 (δ = 1.81 ppm) coupled with H 3 -29, but not with H 3 -30. Additionally, the NOESY correlation of H-24 to H 3 -27 revealed the Z configuration of Δ 24 (Fig. 4) .
As H-8 (if present), C-18, C-19, and C-20 are usually β-oriented in triterpenes and sterols, structure 1 also reflects the absolute configuration of this triterpene, with the exception of C-20 and C-22. To assign the remaining two stereo centers, we performed a systematic conformer analysis for the (17R,20S,22S) and (17R,20S,22R) epimers. In all remaining approximately 70 low-energy (22R) and (22S) conformers, ring system, and side chain were in a 17,20-s-trans orientation (Figs. S2 and S3, Supplementary Information). As expected, NOE contacts between protons at C-23 to C27 and peripheral ring protons were not found. The NOE cross signals between H-20 and H β -16 (δ = 1.48 ppm), between H 3 -21 and H 2 -12, but not between H 3 -21 and H 2 -16 indicated therefore clearly the (20S) configuration. The strong NOEs between H-22 (δ = 4.07 ppm) and H α -16 (δ = 1.97/1.48 ppm) were, however, not of diagnostic value, as the geometry of C-17,20,21,22 was nearly identical for both C-22 epimers (Fig. 5) . Our attempts to further analyze the C-22 configuration via Mosher's advanced method [14] delivered the tetraester, however, not in a sufficient amount for the required detailed NMR analysis. Finally, we were successful with ab initio calculations of NMR data of the (17R,20S,22S) and (17R,20S,22R) epimers, which reproduced the experimental 13 C shifts with surprisingly high accuracy ( Table 2) . With the exception of C-2 and C-23, the average deviation between both epimers is δ = ±0.60 ppm, and the calculation favored clearly the (17R,20S,22R) epimer. Compound 1 is thereby finally elucidated as the new (1R,3S,5S,9S, 10S,13R,14S,17R,20S,22R)-cycloart-24-ene-1,3,22,26-tetrol and was named conocarpol.
Chemotaxonomic significance
Triterpenoids have been used for long time as chemotaxonomic makers of the family Ebenaceae, which comprises four genera, Lissocarpa, Royena, Euclea, and Diospyros [1, 15, 16] . The previous phytochemical investigations have shown that lupane-, ursane-, and oleane-type triterpenoids were the predominant metabolites found in the genus Diospyros [1, 6, 7, [17] [18] [19] . In most of the investigated species, the co-existence of any two or all three triterpene types has been reported [1] . These results are in accordance with the present study, which reports the identification of compounds 1-5 from the stem bark of D. conocarpa. It should be noted that lupeol (3), betulin (4), and betulinic acid (5) occur in high amount in several Diospyros species [1, 7, 17] . However, the saponin triterpene aridanin (2) was isolated here in this genus for the first time. Compound 2 has never been reported from the Ebenaceae family; however, some related oleanolic acid glycosides have been characterized from the alcoholic extracts of the bark of D. peregrina and D. zombensis [20, 21] . Interestingly, conocarpol (1) is the first cycloartane triterpene found in the family Ebenaceae. Moreover, cycloartane triterpenes have never been reported in this family so far. Therefore, the identification of conocarpol (1) in D. conocarpa may be chemotaxonomically useful for the genus Diospyros in the future.
Experimental section

General experimental procedures
Melting points were determined on a Mettler FP61 melting point apparatus. The optical rotation was measured on a Perkin-Elmer polarimeter 241 at the sodium D line. The IR spectrum was recorded on an FT/IR-4100 Jasco spectrophotometer. The NMR spectra were recorded on Varian Unity 300 (300.145 MHz) and Varian Inova 500 (499.876 MHz) spectrometers. The chemical shifts are given as δ values in ppm with tetramethylsilane (TMS) as internal standard, and coupling constants are given in Hz. The ESI and ESI-HR mass spectra were recorded on a microTOF 
Computational methods
Conformational searches were performed for the (22R) and (22S) epimers of 1 with the systematic conformer distribution search implemented in Spartan'14 (Wavefunction, Irvine, CA, USA), using the Merck molecular force field (MMFF). All approximately 200 MMFF conformers within 5 kcal above the global minimum were further optimized (geometry + frequency) with density functional theory (DFT) methods, finally at the wB97X-D/6-31G* level of theory. From the frequency calculations, the free energies were obtained and the Boltzmann factors were calculated for 300 K. For the conformers with Boltzmann factors > 0.009, the resulting geometries were used to calculate the 13 C NMR data by EDF2/6-31G* without further changes of geometry. For the resulting 20 (22R) and the 52 (22S) conformers, the obtained shifts were weighted according to their Boltzmann factors and summarized for the final theoretical shift (Table 2 ).
Collection and identification
The stem bark of D. conocarpa was collected at Ntoussong, in the Center Region of Cameroon, in April 2014. Authentication was performed by the author Nole Tsabang at the National Herbarium, Yaoundé, Cameroon, where a voucher specimen (ref. 24030/ SRF/CAM) has been deposited.
Extraction and isolation
The air-dried and powdered stem (8.5 kg) of D. conocarpa was extracted with 15 L of methanol at room temperature for 72 h. After filtration and evaporation under reduced pressure, 300 g of crude extract was obtained. CC of 200 g extract over silica gel (70-230 mesh) using n-hexaneEtOAc (39:1) afforded lupeol (3, 10 mg); with n-hexaneEtOAc (19:1), stigmasterol (6, 12 mg) was obtained, and elution with n-hexane-EtOAc (7:1) yielded betulin (4) and betulinic acid (5, 50 mg). Subsequent elution with n-hexane-EtOAc (1:1) led to the isolation of concarpol (1, 5 mg); with n-hexane-EtOAc (1:3), stigmasterol glycoside C NMR data (see Table 1 
Supplementary information
Experimental and calculated 13 C NMR data, key NOESY correlations, pictorial representations of the computed conformers as well as the NMR spectra of conocarpol (1) are given as Supplementary Information available online (DOI: 10.1515/znb-2016-0059).
